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{DISPLAY DEVICE BY USING PHOTONIC QUANTUM RING LASER} 

ci> S. l^r %<£*H1(PQR) 3*}Q £3*1 ^ ^^71 =?3i<% CCD 

c2> SL 2^r PQR efl o] *] cfsj-^ ^ ^gfles^ ^Xj-o. ^ ^ Zl 

c3> £ 3^ ^7l# ^MaS 5.^ ^ 

c4> 5. 4^ GalnN/GaN GalnN/GaN ^ AlGalnP/GaAs ^^j LED^ <H 

c 5 > 5L 5^r ^ *H PQR , 

=6> £ 6a ^ £ 6b^r #€^^1 ^*fl ^d^€ PQR 3H*1 ^l-SL^-H^ ^ 
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4*rXI^ (Photonic Quantum Ring; PQR) ^H*-]*] tfsHJ- oj-g- 

Emitting Diode; LED)fe -fn^ , -H^]^ , ^5. -f-s] ^<H\+ 

^l*^ °Jr^*, *r^*r^ ^ ^ ^ -fr-M^l ^tiJr^-S §K>£] 

-2. $1^, ^-§1 LED* i2^]JL-§- ^1 -g-S-^fl oflH^l r£til# #<a ^-^ 

S 9> oje^ LEDfe- InGaN, GaAsP, InGaAsP ^ A>-g-^^ <>]^-#;§Hl ^ ^% 

^(intensity) nsfl^^l^^ *V*]#(Ful 1-width half maximum; FWHM)^r 

^SLg ^nm~100nm^ ^ sj-^SS ^ 51^. 
io> 7}^91 LED tiVAl-S.71- ^ ^711- ^7]-«fl ^S] *]^, ^fl7l ^ 

SHJ'S* 7fl^d§l-7-m-, ^nm *M #3 3 ^5L# 

1- ^1^^^ RCLED <3^-7]- RCLEDfe ^ QCQuality factor) ^ 
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[***1 ^ 71 

^-^^r LEDicf ^ ^-EH^s-af ^nm~^nm^ Sfl^sLSC envelope) ap^^H 
£Hf 7M£5- ^7fl€ PQR 3H*i£l ^ 1-^12.^^ #3 

(Inter-mode spacing; IMS) S^l- ^«fl ol^S-Tr LED^^ ji 

dixyg. -§-g-^fe 7]^«] ^^nm-lOOnm^] ^ 3^ «]:*l#-8: 7]-^fe LED# cfl^m 
i3> ^ ^«lo|-7l ^ofl rrj-s. pqr eflol^l- ol-g-*V t]i 

#<£*HI 511 *H(R)4 ^KG) ^ 3M(B) ^ ^rM^ ^tfl^oll 

14> °l«HMfe ^Jf^ ^-2:§>^ U|-Bl-^*V ^A]ol)ofl T^e]-^ ^M1§1 ^ 

<T ZL^t\. °}^\*V ^Al^S- ^l|t^r ?A °] °}^-& 

15> .fi^lfe, PQR 5fl o]z\o) i^jH^^ ^ SLi^^ ^ 

2= PQR eflol^* oj-g-^ ^^s-^ol LEDS] ^ ^1^-4 PQR eflo] 
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*\9) ^oil*V £±r n7}] SLB. ^9] ti}^^- ^S^o) #4^tJ-. 

PQR ell^l ^S] ^2:^ VCSEL^f ^1 °1 ^:*L*M a] 2)-^ ^-^^ 

VCSEL ell °1 *1 Ji^fe ^3*1 ^ u A~-nA iL°H , ^ i^SlH^ 

^^.S-fe 3*f€ RFP(Rayleigh-Fabry-Perot) WG(whispering gallery) 2.H. efl ^| 

^ 002886 12 Jl^l "PQR iilM*l ^ ^S.+B-Q o^oj ^ ^l2 H o v ^"°fl 
ii^sM 31°-*], S. 6a ^ £ 6b^ ^JL^ll >M ^31 ^ PQR ^H*!^ ^SL^tf. 

PQR &11 °1 *1 ^ n-g-'ti:^ «-^} ^Wn-type distributed Bragg reflector: 
n-DBR)(16)3l- JeL?» «H-^(p-DBR)(20) Al-o^i 7 flsl -fl- 

(quantum well)* ^Hr ^(active region)(18)* 7l^(12)3Hl ^ 

(epitaxial growth) ^l?l^r ^31^, 7i^] °ll^^(dry etching)^ ^*H*1-1- 
M*Hr l-sl^^l^Cpolyimide) Jg^M- A r -§-*H ^^DflA># 

#31 sh ^ *)1a> #ieH ^E^^( striped ) g=^. x^-^^l^ (mult i -segmented)^ 
p ^(26)* %^5L, 7^(12) sl-^i Sl-M-Sl n ^(10)* ^*Hr #31 » A 

7|t( 12)£r ^Hmol = (GaAs), S^sM^(InP) ^ -Q-cr 

<>l^H*lfe 31, n+ tr##°l -g-^l^Ml $H1 oH5)Aj^-£] E ^- ^-tj.. 

n+ GaAs 7l^;(12)3Hl n+ GaAs *1 ^ (buf fer)#(14)<>l ¥ 7fl^ 

€■ ^ ^Hr 7flsl jurfls n ^ DBR(16)°1 ^€4. ^1 
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*MH, 41^5] AlxGai- x AsS. =1 ^#(16-L)2f 40^ AlyGai-yAsS- € JL^(16-H)°1 
JUcflS. DBR( 16)^1 Al x G ai - x As<^l <44i ^ #jl f 

Al y Gai- y As7f t±± ^ 7W£S, ^ ^ *1#(16-L)°1 

^^(18)<H1 e^sj-Tflsm %°] tif^^cf. n ^ DBR(16)S] A A n /4^ 
3Hr 31, x n =A/n ^ VCSEL eflcl^^ ^ ^ofl^o] ^ o.^ , 

A^r ifl^H^ *H*-^*hfl s^l-H, n^r A #^ ^#^^1 Al x Gai- x As Q 
Al y Gai- y As Mt-°14. 

n> DBR#(16) ^Hlfe «3^(18)°1 ^ W AlGaAs ^sflo]^^ 

(17X19) *>oH <S^€^. M ^(18)^, ^ ifflH.^ 

(bandgap) <M*1S ^ Al z Gai- z As #(18-L)^ -tftfl^sL ^ "fflH.^ 

3Hr Al x G ai - x As #(18-H)<>1 StflS. 4^^-S. ^#5]^ ^2^1, « <3<3(18)MH 

^ <*m*l cfl^^l Al z Gai- z As #(18-L)JL5l |4 7flsj *8=^1-f# 0 l *§^€*=h ¥ 

2] AlGaAs ^]o]^(i7)(i9)ozf ^ <^^( 18) ^ ^ *f-v]}^ VCSEL2.JEL efl^^i 

^j- 4^- ^ofl sfl^S]^ &°.3-, ¥ 7fl^ AlGaAs ^4°1^#(17)(19)3|- 
"3^(18) ¥^ ^3 jl^sM ^^S)^6> ^x^-. AlGaAs 

^3flo)^(l 9 ) <flo]ji=. J= 7 flo] Ml-* ^ #^o] mcfls <^ 

ei 30.3. #<^aj ^*}J13. ^ Ml-* p*§ DBRC20M 4*1 
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^sIH, 30^2] Al x Gai- x AsS. ^€ ^1#(20-L)^- 30^ Al y Gai- y AsS. £ Jl#(20- 
U)o] HcHS. DBR(20H DBR(20)^ z}- #^ kj42] ^f-*ll# 

^ ^o] uj-^ej-cf. DBRC20) ^^l^r p+ GaAs Q (cap)#(22)ol 

ol-H#(17)(19)^ ^i^«-7|- (chemically assisted ion beam 

etching : CAIBE)4 A£r ^ °\}^^*\} °ll^£H ^ 

PQR ^^l^^ ^ sHM <43" *H>*1 ^^(18)21- p, n 

^ DBR(16, 20)^1 ^ 5^. 

23> nfl t^hg-, ^^H^ #5}°H:S ^I^SKpolyimide planarization) 

71^1 2]^ 5)4 <^^(24)o.S- #B|*M*h=|-. s)4 ^(24)^ (striped) 

nf^el^(multi -segmented) p *l*l*r3L, ^S-*IM 

€ PQR H]^- *l^>7l ^l^^cf. 

J4> AuGe/Ni/Au^S. € n*i^-(10H n+ 7^(12) o}Hfl ^ofl ^^ji, ^H«§J<g 

£3*8 p^i^-(26)^r ^-71 p+ GaAs ^#(22) 3H1 n^ ^ 

(10) SE^r p^ ^(26)^r ^1^3 (rapid thermal anealing) ^*8$\£.3. 
*1 AA GaAs 71^(12)^1- P+ GaAs ^(22)°fl .2J2j^#(ohmic contact)^. 
25> A o v 7l^r ^ ^ PQR elH^ At -f#(Mult i-Quantum-Wel 1 , 

MQW) o\A^ DBR#°1 #*r« ^-^}5l, v}°}3.^^3. ^^l^i^ 
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3*}Q RFP ^d^\ SS-ol^(toroid) ^7]^ WG IS 
*c^S ^fl^e] oVol] MQW %s§#s] 7H^<H#-& ^^^Jl^ 

(Photonic Quantum Corral Effect, PQCE)°ll ^1«H (Quantum Wire, QWR)#^ 

^MS*^ *H£-XSH ^*Hfr(electron-hole) zm^SLg. #7 r » ^tr^. 
>6> ^ PQR eflo]^^ Bljo]^ 3HQO.SAi z).^ ^ ^ ^oZf ^-g; 

Z7> ^ff- #5^^ PQR 5fl <>l*l*r -S-71 *r 3*r€ IS-OlH. 

^ RFP ^^l^c-flAi MQW 7\^*}^ ^ 5ll<a51) 0 l(Rayleigh) v\7\ 

ji n 4?<$ <£^°) QWR ^^1#°1 -frS^r^i , PQR^I €-^°l uA 

~nA^ ^-Efl^. ^^S-JL, 41 *H *r*H^°l^ LED 

^KW. SEtr QWR oil #^ ^^^-S. °-^l€ *r 91^ °1^S- 

7>^lJl 5*^. £ l^r 3*>€ £I°lf( toroidal) ^^l^l ^S^- 15ym°] 
PQR 31 °1 7-1 S] 12uA£l ^ ^ ^1 en^M ^S}^ PQR 2.= ^, 12mA 

Si^H 5 ^ f^<MH lir^Kr VCSEL 2.H.-I- Zf2]- Ji<^r]-. 

28> 4^5., ^ PQR Bll °1 7i if 3*H1 ^^7l 

°1H 7l<ytr M 71-^1 nf. ^ 40um«] 7mA 2] ^ 

^ t^tx}-^- ^ a^e^a s. 2 ofl i^-E^i}. PQR Z\)°]*]S>] ols.( gain ) <^ 

«H ^^Sl^r ^71 SLIL7} 845nm^7i 850nm<^l °1 ^^S-S 

^^HH 3g^- ^^S-iL^Y ^(IMS), A A. ~0.2nm/mode# 7f^lZL ^av^o.^. %]o] 

7-1 #^1 2.H.-1- ^ 5^. ^o\] ^ v]^i\}o) -g-g-O, 
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c)s\. ^ ^Hj-fr ^^(R), ^r^(G), sfl^-s]^ 4^ 

7>^-§l-cf. ^Vajo.S ^^j PQIH1 YAGCyttrium aluminum garnet)* 

s.s.t^7]^ ao|s]2| ty-^jis. ^ ^jf pqr ^m^* ^ 

^ i^S^l-o] SLJELs}-^ IMS( AA)r &*r3 3.71 ofl 3^*r>ll 3 

if-cll, °lsitr 5.5.-^^: sfl«.Bl-5|l ^-(off-normal Fabry-Perot) 

WG ^TflS^i* 3*V€ n r °l3.5L £-*H 7> 

^ej-cf . £ 3^r ^^^rSTllS- £*l3Hr iMf R, ^-^1 d^l 3^>€ £S.o)^ ^7l 

29> tr^, ^^H^ e^Hlr $l~ light wave)^ ^31 

* m Cn*,z) oc ^ m (Ar f r)exp(±»w<( 1 )exp(±/* I z) 

Ji> <^7H ( m ^ 0, ±1, ±2, ±3, •••)» ^^l«ral, J ra ^r m*r "flU 

(Bessel) f^r^H, k z aj- k t (=k r4) ^ ^^7] iflofl^ sHr^i (wave vector)^ 

^l3. H <HK longitudinal) ^ 71-3. 1HK transverse) ^-8: M-^^c]-. 
}2 > lofl 3*}€ v\°)3.g. ^^l7lo] ^tHS^ ^-g-^g PQR ell 

^2.= * ^ ^ 5£4. £ 3oflAi ^ ^°1 <gs]Sj ^1^47}- ^ 

7l if-n 67} *v 4^(i-x)«a #«r e in ^ n^s. <aA>^<^ ^/aVAj-o] 
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2] 

[^*H4 3] 

*H-**HI3 XO]^. z;}5L, &&7] ifl^M ^<H# 3H?H1 tfl 

^ ^7] ^0.5. «o v #€ ^ z]-s. esfir sine=nsine in ^ & , 

tfl^lr «fl k z =(2it/X 0 )n 0 S. JLS^H 2<H1 zj- 

k^x 1 ^ ^-g-^, (quantized) ^^HS-H-)* 4^ ^ 

*1 ^ ^ 91^. 

4] 

1 -1/2 
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51 

~ — T" 

A f"^f^ Joongwoo Bae et al, "Spectrum of three-dimensional photonic quantum- 
ring microdisk cavities: comparison between theory and experiment", Opt. 
Lett. Vol 28(20) pp 1861-1863 Oct/2003^: ^2: ^ 9X^ • 

5^1 IMS7> 5LH^(m)7f ^7}^*] ^ ^<H^fe 

o\)^}3L 9XSL*1, ^7} tilxll-CR)^ ^6\] ululBl]^ ^ fltj-. ^^o) 40 y m 
°J 4i7Hl 7mAS] ^<y*V ^-f 1- M-Ej-^fl £ 2<H1 ^ ^«J-ai 4^ 5« 

^7} ^3^1 ^^1^-* ^ 91*1. #3}-^ <3^3. IMS7V *g 

5" IMS ~0.2nm/mode^r ^ ^HHl "r^r ^ FWHM,,* cflBf 

mfiW n =^WHM=0.4«m^ _g_<^§cf . ^J2f^ ^ O.^- PQR ^7>5] 3.711" 

S^^fl LED^l ^l^-^l-fe *r *r£r ^rnm^l <3^°ll 

X\ ojAV^o] sj-^-oj 7f^sj-oj , olei«l: ^el^ Aj l#2f 
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^*fl #-g-^£la! 9Xkr Jl#^(high power) -§-£♦ ^tr LED-fe- ^«>^^-S. 
20mA2] #^<g 7]^<LsL ^^(R), ^-^(G), ^Jj(B)^ s^ufl^ 7}*]$= 

AlGaAs, InGaAsP, GaP, InGaN ^ #^ <^ 7 1 a]^ 7 1 ^*fl rfli* 2~4V ^S.^ ^ 
<&o_3. n L ^-^. ^ 40~80mW^ ^ ^ 3}-^ RGB^l tt}-B^ 

tflef 700~400nm2] <3 ^HH LED^ ^ ^3:^1 ^7flfe ^nnHH 

lOOnm^S-S. 7\^t\, £ 4<^1 GalnN/GaN GalnN/GaN ZL 

AlGalnP/GaAs *H LED^ ^«V^«?1 ^ ^WS* M-B]-^ 5.^ , *i*fl i^JS 
^ ^-S^^^r 150nm°H, ^l#^r ~25nmS. PQRofl tijiHSfl 3.7fl^- ^ 30«fl(5nmX 
30=150nm) 7\^9\ ^ ^ 7}^t\-(ai ter Toyota Gosei Corp., 2000). 

S] LEDS}- PQR 3H*HH iH^^r 331 ^ ^1^1 «1* kpqr^^ 

«r^, LED^f PQR<HM ^55q^r 3^ «l^r ^«H1 6^f ^ . 
6] 

I(LED) FWHMjLED-) = KJLED) FWHM( LED ) _ /(£££>) 15 nm 

I(PQR) ^FWHM m (PQR) = KPQR') n X FWHM{ PQR ) KPQK) nXOAnm 

m 

<^7]^, PQR 5)H*12| #*|] ^nm^l <3fl*l3.5. ^1 -&<H7Rr ^ 55.S] 7 fl 

4 1 n°l PQR ^l^-(R)^ ^^51^. ^ PQRS] ofi^sLS. 

o} tiV^s.ofl #^7]-^ ol^o] 7fl^5. £ 2* n ^ ^ 7*1 1}. 
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n>oj KPQR-y o| ^ 1S 7^^, LED cflti] gafls] ^ oj^g- oj.g- ^ ojcf. 
oje^V o]^ aV^^-o] 3)-o> ^7HlVcf. ©Jfe LED^ ^-^*V 

71 3*fl PQR<Hl^i ^-S*_V #&°} cj a^fe- SH^, ^7)# Aj-g-Sfl aV^s. 

^ ~^nm ^91 RCLEDS. #^1^^ PQR ^Mt^ Tj^-jicf ^^^2.71- 

3 #4. PQR ^7]-^ 3.7} d]} ojetb DBR21 ^It^] 7l°lsH # 

7>^ 7i ^n}, yA^l ^-^^H M^KELsL LED ^ €" 7] 

2.^ ^ ^ 
»4> £ 5^ 15um°J 2)^] PQR 5|H^ofl 300 U A^ #-ff-# Tj-fcq ^ 

*I ^I 3 ^S, 35nm ^*fl zz. ^ ^HH ^sj-fe 3nm^ 

»5> ^7HH^ «VTgo} <g aJaHH ^-^H ^tg^o.^ ^ 7] ^o) 

^^7H1 -g-°l*|-7|) ^ 7}^S§o] 7f^^Cf. ojs^ ^A1<^1 

^-^^^Hl 7l^fl^ 7l#A>Aj-oH ifh^Cfjl ^ 

»6> uj-aj- a. Tgr$o\) rrj-s. pqr efl o] *) ^- oj t^t^H 

LEDJi4 ^ ^-^^^-^ ^nm-^^lnm^ oflfSS ^H)"^ 7J- 
^Tflsl PQR ell 7-1 ^sj-^ Hr^^HS ^ ^SLJEL^ ?i74 a^^- -g-Sfl Alj 

JL?l£fe LED^^ -^7l£l^Ai£ Jit} 7-j^^^ ^J2.*bcf. 

47> ^eM, r^l^H -g-g-S)^ 7l^^l ^nm~100nm^ sj-^- *I 
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*l^-t- 7f^lfe LED* cfl^l « Sl^r 5-47}- 
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[jW4?ig4|] 

*\quo, ^-^j(G), ^^(B), & sh^Ht *m 

I^T 1 * 21 

31 

#7] ^xq igr% ty&r%qdHX\ ^^Hr ^^Hl eflol^ofl #^ £.5. 
4] 
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51 

<#7] 3H*ls] ^S.= ^]r #^-§: ^ 3*fl 'S'SSH <&<$*\ ^ 

*1* °l-g-^ t^#3H 
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[51^] 



[51 1] 





12|iA " 12.2 ittA 
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IS. 3] 
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[51 5] 
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